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THE MAN-IN-THE-ARCTIC PROGRAM 


The Man-in-the-Arctic Program, funded by the National Science 
Foundation, is a long-range research effort intended to develop 
a basic understanding of the forces of change in Alaska and to 
apply this understanding in dealing with critical problems of 
social and economic development. The overall objectives to the 
program are to: 


Measure and analyze basic changes in the economy, the social 
conditions, and the population of Alaska. 

Identify significant interactions between outside economic 
and social forces and Alaska conditions and institutions. 
Analyze specific public problems associated with these 
interactions and policy alternatives for dealing with them. 
Assist planners and decisionmakers in solving critical 
problems of concern to both the state and the nation. 
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A STATE PERSONAL INCOME TAX SIMULATION MODEL 
INTRODUCTION 


This paper describes a simple policy simulation model of the Alaska state . 
personal income tax. The model provides estimates of the long-run revenue impact 
of changes in the tax schedule and, in conjunction with an econometric model of the 
state, estimates of long-run impact on economic growth. 

Personal income tax simulation models fall into two general categories. The 
first is the micro-simulation model which contains a sample of actual returns 
allowing the researcher to recalculate the tax liability under different assumptions. 1 
The second is an aggregate model which typically divides returns into income 
categories, calculates effective rates for each category, and sums across categories to 
get total tax revenue.2 The former method allows for detailed examination of the 
revenue impact of tax law changes but is expensive and difficult to link to an 
econometric model. The latter is much less accurate for policy analysis, but is 
relatively inexpensive and easy to manipulate. 

Unfortunately, neither approach is presently possible in the Alaska case 
because of the unavailability and unreliability of data on individual returns by 
income class. There is, however, a need for a model of the Alaska personal income 
tax because of its position as a major source of state revenue and because of the 
implications for state economic growth of changes in the personal income tax 
structure. 

The model presented here is designed for long-run policy simulation in 
conjunction with an econometric model. Thus, the focus is on both the estimation 
of tax revenues and the general equilibrium effects of tax changes. Section I 
describes the model, and results of model testing are reviewed in Section II. In the 
final section, the model is incorporated into a long-run simulation model of the 


Alaskan economy and the policy simulation possibilities of the model are displayed. 
I. THE MODEL 


The essential feature of the model is that the liability for the average taxpayer 
is calculated based upon average taxable income and a single equation representation 
of the actual progressive tax schedule. The resulting average tax revenue is multiplied 


by the number of taxpayers to arrive at total tax revenue. This formulation of the 





1Pechman [6]. 
2McLaren [5]. 


tax structure minimizes several of the problems arising from aggregate estimation of 
the relationship between aggregate income and tax liability. 3 In particular, the rapid 
population growth Alaska has experienced since statehood complicates the 
relationship between aggregate taxable income and tax receipts. 

This approach also allows, with a minimum number of equations, for a 
structural modeling of the tax to facilitate simulations of changes in the tax 
structure. In particular, changes in the base rates and progressivity of the tax 
schedule can be incorporated into the model. 

The tax model equations are shown in Table 1. The Alaska personal income tax 
essentially “‘piggybacks” the federal tax structure in that deductions and exemption 
values are similar in both. Two exceptions to this general rule are that the federal 
employee cost of living allowance is state taxable income, and military wages and 
salaries is not. The state tax schedule is lower than the federal but progressive over a 
wide range of taxable incomes. For single taxpayers, the rate is 3 percent under 
$2,000 and rises to 14.5 percent of taxable income in excess of $150,000. 

Alaska adjusted gross income is determined by the first three equations on the 
basis of the aforementioned adjustments to federal gross income. The number of 
returns, with a joint return counted as two, is determined by employment, while 
exemptions are a function of civilian population. Tax deductions are calculated on a 
per-return basis from adjusted gross income per return. 

From taxable income per taxpayer, the calendar year tax liability is calculated 
using a double log specification. The coefficient on average taxable income of 1.42 
calculated by regression analysis on annual data is interpreted as the elasticity of tax 
revenue to taxable income for the average individual taxpayer. The equation itself is 
a representation of the average tax rate schedule. 

This equation can be compared to a similar relationship between taxable 
income and tax liability calculated directly from the published tax schedule which is 
as follows: 


Log (tax liability) = —3.83 + 1.34 log (Taxable income) 

R2 = .997 
The higher elasticity in the equation estimated from historical data is consistent with 
the fact that the historical series is based upon the average relationship between 
taxable income and tax receipts aggregated across all taxpayers. Given that the 
average tax schedule is progressive, the average tax bill for any distribution of 
taxable incomes will be larger than the tax liability for the individual with taxable 
income equal to the average. 





3Singer [8]. 


Table 1 


Alaska Income Tax Model @ 


1. log(Federal Adjusted Gross Income) = .104 + .975 * log(Personal Income) R2 = .99 
(.60) (52.04) (1961-1974) 


2. Federal Cost of Living Adjustment = (1-1/(1 + Cost of Living Adjustment Rate) ) * 
Federal Civilian Wages and Salaries 


3. Adjusted Gross Income = Federal Adjusted Gross Income + Federal Cost of Living Adjustment - 
Military Wages and Salaries 


4. log(Tax Returns?) = .813 + .907 * log(Employment) R2 = .99 
(5.30) (28.65) (1961-1972) 
5. log(Exemptions) = -6.96 + 1.02 * log(Civilian Population) R2 = .90 
(12.79) (10.32) (1961-1974) 

6.° log(Value of Deductions per Return) = -1.923 + 1.2 * log(Adjusted Gross Income per Return) 


7. Taxable Income = Adjusted Gross Income - Number of Personal Exemptions * (Value of Exemptions + 
AEXEMPTION) - Value of Deductions 


8. Taxable Income per Return = Taxable Income/Tax Returns 


9. log(Preliminary Tax Revenue per Return) = -3.61 — ABASERATE + R2 = 93 
(25.88) (1961-1972) 


(1 - ATAXRATE) * 1.42 * log(Taxable Income per Return 
(11.47) ; 
10. Tax Revenue per Return = (1 - TAXCREDIT%Z) * Preliminary Tax Revenue per Return -— TAXCREDIT 


11. Calendar Year Tax Revenues = Tax Revenue per Return * Tax Returns 


12.4 Fiscal Year Tax Revenues = .558 * Calendar Year Tax Revenues Lagged One Period + .442 * 
Calendar Year Tax Revenues 


#t values in parentheses. 
byoint returns are counted twice. 
“Determined non-stochastically. 


dcoefficients adjusted to sum to-unity. 


POLICY VARIABLES 


ATAXRATE = Change in Tax Rate Progressivity TAXCREDIT = Tax Credit 
ABASERATE = Change in Floor of Tax Rate Schedule TAXCREDITZ = Tax Credit as Percent of Liability 
AEXEMPTION = Change in Value of Personal Exemption 


DATA SOURCES 
U.S. Department of Treasury, Internal Revenue Service, Statistics of Income, annual. 


State of Alaska, Department of Labor, unpublished data on employment and wages and salaries. 
State of Alaska, Department of Revenue, Revenue Sources, annual, and Cumulative Summary of Revenue, monthly. 
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Figure 1 illustrates the regressions run on the historical data and the average tax 
schedule. At a taxable income of $10,000, an individual would pay $470 in taxes 
according to the regression taken from the tax schedule. According to the historical 
relationship, however, an average taxable income of $10,000 would have resulted in 
an average return of $710. This is equivalent to the average return on a distribution 
of taxable incomes around an average of $10,000.4 

If the size distribution of taxable incomes remains stable over time and other 
sources of error reflected by the difference between the intercept terms of the two 
regressions is unchanged, there will be a one-to-one correspondence between the 
schedule regression and the historical regression. This will allow one to perform 
approximate policy analysis of changes of the average tax rates and progressivity of 
the schedule directly. 

For the purpose of long-run policy simulation in the Alaskan context, this 
approach seems advantageous because per capita income and population are the 
variables which will probably be most important in terms of the pattern of future 
growth, and it is thus important to structure the model around changes in those 
variables. 

Finally, fiscal year tax liability is calculated from calendar year revenues. The 
former is of concern to government budget planners, while the latter is input into 
the larger simulation model. Calendar year revenues are one of the components of 


the difference between personal income and disposable personal income. 


Il. MODEL TESTING 

The R2 values and t statistics for coefficients were reported in Table 1. 
Evaluation of a set of equations cannot be done on the basis of a strict statistical 
test. Rather, the model can be “‘validated” through historical simulation and ex-post 
forecasting. © 

An historical simulation of the model was done for the period 1967 through 
1972, the last year for which a complete data series is available. The root mean 
square percent error (RMSPE) and mean absolute percent error (MAPE) for calendar 
year (RTISC) and fiscal year (RTIS) personal income tax collections are as follows: 


RMSPE MAPE 


RLELS 
RTISC 





4Some of the difference between regression lines is the result of different intercept terms. The 
historical regression intercept may incorporate the effect of relevant but unspecified variables. 


Pindyck and Rubinfeld [7—pp. 310-320]. 


Tax Liability 
in 


$ 
2000 





Regression Using Rate Schedule 





Regression Using Time Series 


1500 
Actual Rates 


1000 


500 


10 15 20 20 


Taxable Income in $102 


Figure 1. Tax Liability as a Function of Taxable Income 


The RMSPE weighs outlying observations more heavily than MAPE, while MAPE is 
the measure more commonly reported in regional models. Although there is no 
statistical test against which to evaluate the calculated RMSPE or MAPE, Glickman 
indicates that most econometricians are content if most variables in a model have a 
MAPE of 3 percent.® 

It is not possible to formally compare the MAPE statistics resulting from this 
simulation with other tax models because the only ones for which MAPE statistics 
are reported are imbedded within state econometric models.’ The tax components 
of these models have relatively large MAPEs, but the complete models are much 
more complex. Thus, there is more variability inherent in their simulations, and one 
could argue that accuracy in tracking revenue variables was sacrificed in order to 
reduce the tracking error of other aggregate variables. Considering this, the “‘noise”’ 
in the Alaska revenue series and the relatively small size of the population, the 
MAPE values do not seem unreasonable. 

Another attempt to validate a model is to perform an ex-post forecast and this 
has been done for the years 1973-75 using actual and estimated values for the 


variables exogenous to the model. The results of this text are mixed. 


Calendar Year Revenues Fiscal veo Revenues 
(RTISC) (RTIS) 
simulated actual simulated actual 
1973 54.657 | 45.276 48.789 43.354 
T1974 71.098 . 64.251 61.924 hey ARMA 
Te fs: eS 8/33 2 53 89.943 86.900 
Total 239.49 230072 | 


Compared to the period of smooth and gradual growth during the period of the 
historical simulation, the ex-post forecast covers a period of three years during 
which actual calendar year revenues nearly tripled. The simulated values for RTISC 
for each year are not close to the actual values, although the large increase in 


revenues is picked up and the total for the three-year period has only a 2 


6Glickman [3—p. 165]. 
TFriedlaender, Treyz and Tresch [2] and Delaware Econometric Modeling Group [1]. 
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percent error. Since RTIS is a weighted average of calendar year totals, one would 
expect some error in this simulated series during periods of accelerated or 
decelerated growth. Over the cycle, however, that error would cancel out. 

These validations of the model must be analyzed subjectively. A model that 
replicates the historic period well may simulate poorly because of improper or 
inadequate specification. This model replicates the historic period and is able to 
respond adequately to the period of rapid growth in the ex-post forecast period. It is 
not completely accurate for the forecast period but since the main purpose of the 
model is policy analysis, proper specification is relatively more important than 
minimal forecast error. The responsiveness of the model for the ex-post forecast 


period should thus be viewed as a successful test of the robustness of the model. 
Ill. MODEL SIMULATIONS 


The state of Alaska is in a position where it is capable of using fiscal policy to 
affect state economic growth. It can reduce the personal income tax, thereby 
increasing disposable personal incomes and effective demand for goods and services. 
This will increase employment opportunities and through resulting migration, 
population. In order to investigate the size of the potential impact of this fiscal 
policy, the personal income tax model was linked to an econometric model of the 
state through the exogenous variables in the tax model.8 The resulting model 
permits the analysis of both direct revenue effects and general economic effects of 
tax changes. 

Two policy experiments were done. In the first, the value of a personal 
exemption is increased by $1,200 beginning in fiscal year 1978; and in the second, 
the tax schedule is modified. The base tax rate is reduced from 3 percent to 1 
percent on the first $2,000 of taxable income, and the progressivity is reduced so 
that at $10,000, the marginal rate falls from 6 percent to approximately 3 percent 
and at $20,000, from 9 percent to approximately 5 percent. This is accomplished by 
a downward adjustment of the intercept term in the tax schedule equation. The new 
schedule of marginal tax rates can be calculated from the new shape of the schedule 
equation.9 In both experiments, the level of government expenditures is not reduced 
by the amount of the tax reduction. The lost revenues are recovered by drawing 
down the substantial general fund balance. 

The initial direct tax revenue impacts are approximately equivalent for the two 


changes. By incorporation into a long run simulation model, the long-run revenue 
8kresge [4]. 


9m equation 9, CRITSFCH takes a value of .5. The published tax schedule equation intercept is 
also reduced by .5 and a new marginal rate schedule calculated from it. 
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impact and effects on the pattern of economic growth can be traced through 
comparison to a base case. 

Table 2 compares the simulation values, measured from the base case, for 
several variables. In either case, the increase in disposable personal income resulting 
from the tax cuts has stimulated demand and led to employment growth. This 
growth has generated tax revenue, 10 partially offsetting the decline caused by the 
initial tax cuts. The long-run stimulative effect of the schedule reduction is stronger 
than than of the exemption value increase because growth in incomes and the effect 
of inflation exceed population growth during the period of simulation.11 The net 
decline in general fund revenues is larger in the case of the schedule reduction 
because differentially greater population increase has caused larger demand for 
public expenditures. This, in turn, has caused the general fund balance to be drawn 
down more rapidly and has reduced interest earnings on that balance. 

The change in the level of personal income tax revenues is net of two effects, 
the one being the reduction in the tax liability for an individual and the other being 
the increase in the number of taxpayers. These effects can be approximated by 
calculating the tax bill in each policy experiment using the original tax schedule. 
They are shown in Table 3. The difference between the original tax bill and the 
actual tax bill after the tax change is the amount attributable to the tax cut. The 
residual is attributable to economic growth. As expected, the economic growth 
component is larger for the schedule cut because of its larger stimulative effect. It is 
interesting to note, however, that in either case, the economic growth effect is fairly 
small compared to the size of the tax cut itself. 

The simulation analysis indicates that asa result of Alaska’s dependence upon 
resource-based revenues, primarily petroleum, in combination with an open border, 
tax changes which affect disposable personal income have significant general 
equilibrium effects. For example, tax cuts have a negative impact on state revenues 
in spite of the fact that they generate economic growth, because the incremental 
revenues from growth are more than offset by general fund balance interest 


reductions. 


10The econometric model contains a complete state revenue and expenditure component. Other 
revenue sources sensitive to the level of endogenous economic activity are primarily the corporate 
income tax, business license tax, and motor fuels tax. 


11, steadily increasing exemption value change could result in an identical long-run effect 


measured in these aggregate terms, but might result in a more socially acceptable distribution of 
income. 














aTNpeyos xe} TeUTS1eW UT esvetDEP = § 
aNTeA uoTyduexe ut eseer0UT = Y 


aseo seq & WorsZ DDUeAEZFTP SYR SB pernseoy 
% 


————— 


Se €s- 716s €6,621 > 10095 SOTS TL VU eeeoOrs 94°79S %70°60€ 90° OC |— ae o eee c86t 





Ly*te- ZZ°9Z- S9°L¥T- 7S°06- Alene halal SI°TZS  TL°062 SI°STI-  0€°79- 186T 

L@°Lt- S0°9T- yO'TZT- 61°9L- aeame Hes zi°Sey 406 #t°vd2) = €s«C LL EOT= = VE 09= €867 

97° L- SE°8- 19°S6- 80°€9- Cont Ceca L L0°96€ 8€°04Z GE°S8- €L°9S- Z86T 

1g° - 6S°C- 66°ZL- 66°0S- 18°6 T7°9 6°0ZE $9°L02 @S°Tl- 0” °84- T86T 

9n°€ 06°T Ov°€S- 6L°0%- 99°L 66°S B0°SEzZ « -Szr Oct 98°9S- 69°Z9- O86T 

€8°9 7625 LS*Ov- SS *EE- 9 To°s 9L°Y8T  69°SYT Ov°L7- LO0°6€- 6L6T 

00°? Sue Ze‘ST- ZZ°€T- €8°% Tis Sg°6ET S9°0ZT Ze°6T- L9°9T- © 8L6T 

S aq 5 eae S ie ea a S a f 
a ee 
(,0TS) (,0T$) (,0T) (07S) (08) 

aZueyg xe], owooury senusAey puny Te1z9ues) quewfotdug BWOOUT [eUCSI9g sonusAcy XP, zee 

JO JON anusAdY puny a3eqS TeIO], atqesodstq BWOSUL APA TBOSTA 


Teazouey ut asuey) 


a a a a 








#S}|Nsey UO!}e;NWIS 


Z 1geL 


ee ernerer e 
a 





aTNpeyos xe [euTSrew ut sseardep 
ONTeA uoTidwuexe uy eseer DUT 


nou 
hI Ww 


ese oseq GF WOAF VOUSASTITP ouy se eae 




















"8 717 TO °02 LeeGe SOeyy l= ECs0G= CO 7et= 06° 29—= S86T 
79 L0Z 8E°ST S$9°TT URS US LOeo Ls 96°91 l= Cees o= 786T 
OSE 66T Cour O9s0E 67 Ola 61: 7l= LL[E LE OS Coe €86T 
Gia O6T Oc °€T 00°6 SUSOOL= 5872 99— 98° S6= 87° 255 786T 
T87¢ c8T o?°OT O9n. Obacom $1,09= Ly. 63> GS°?cS- TS6T 
9EC ee OC iL 69°S OTS 02= 08°0S— OGec9= ay O86T 
602 S9T 9556 ney, $92 LS= OS 5S 7— L0sCos LL Ov 6L6T 
est 8ST. 86°E OPW) Sieh Ava AIG iy i W/L Si We ks= 8ZL6T 
S cl S a S a s a ¢ 
($) (,0TS) (,0TS) (0S) 

TITd XBL e8erz0Ay queuodwog yzMoIyN DTWOUNDDT queuodMoD esuryD 94ByY XBI SWOSULT TeuOsSieg UT avez 

uz UuoTRONpsay uotjoNpey avez ABPpuseTeD 





»Sabueyd xe] awodu| pajejnwiis yo syuauodui04) 


€ aiqel 




















REFERENCES 


. Delaware Econometric Modeling Group. ‘“‘An Improved Quarterly Forecasting 
Model of a Small Region.” University of Delaware, Newark, Delaware, 1976. 


. Friedlaender, Ann, Treyz, George, and Tresch, Richard, “A Quarterly 
Econometric Model of Massachusetts.’’ Massachusetts Senate Ways and Means 
Committee, June 1975. 


. Glickman, Norman J. “Son of “The Specification of Regional Econometric 
Models’.”? Regional Science Association Papers. Vol. 32, 1974. 


. Kresge, David T. ‘Alaska’s Growth to 1990.” Alaska Review of Business and 
Economic Conditions. January 1976, Vol. XIII, No. 1. 


. McLaren, J. Alec. “An Income Tax Simulation Model for the State of 
Minnesota.” National Tax Journal. March 1973, pp. 71-77. 


. Pechman, Joseph. “A New Tax Model for Revenue Estimating.’’ Brookings 
Studies of Government Finance Reprint No. 102, The Brookings Institution, 
Washington, D.C., 1965. 


. Pindyck, Robert S. and Rubinfeld, Daniel L. Econometric Models and Economic 
Forecasts. New York: McGraw Hill, 1976. 


. Singer, Neil. “Estimating State Income Tax Revenues: A New Approach.” 
Review of Economic and Statistics. November 1970, pp. 427-433. 











: 1336.2: (#49) 
33946 sue (*49) 


GOLDSMITH, 0. Scott 

. — KUTHOR: | abe eee 

A state personal income tax 
TITLE 

Simulation model. 








PLE BORROWER'S NAME Pate 
LOANED DUE 


Pam 550.23 (749) 


GOLDSMITH, 0. Scott 


A state personal income tax 
simulation model. 


#33246 


Boreal Institute for Northern 
Studies Library 

CW 401 Bio Sci Bldg 

The University of Alberta 

Edmonton, AB Canada T6G 2E9 


aa 
el 
ae 





' 
— 





a ey 


t . at « 
a se rr ro 


ro 





niversity of Alberta Library 


i 


ae 


II 


162 


iin | 


| 
328 5036 


Pe Sant Py 
ied i fe aR 
ty) 1 git hie iy he 


DR ah Soh i, PNP ag SA 
hee taht i) 


\ 
fay i 


Hite, YEE 
Ar aw 
t at P a i ‘a 


ris 


Nay 
te is hak! 
: i 
ra 





